Regional difference of glutamate-induced swelling in cultured rat brain astrocytes.
L-glutamate (glutamate) is an important neurotoxin as well as the major excitatory neurotransmitter. Extracellular glutamate levels are elevated following ischemia, hypoglycemia, and trauma. One consequence of elevated glutamate levels is cell swelling. Such swelling occurs primarily in astroglial cells. We characterized the regional difference in glutamate-induced swelling response of cultured astrocytes from rat cerebral cortex, hippocampus and cerebellum. Glutamate produced dose-dependent astrocytic swelling in both cerebral cortex and hippocampus, showing a maximal effect in 0.5 mM concentration, as measured by 3-O-methyl-D-[1-3H]glucose uptake. However, in cerebellum, glutamate did not produce astrocytic swelling. It has been suggested that Na+ -dependent glutamate uptake is a possible mechanism of glutamate-induced swelling. The Vmax for glutamate uptake into cerebellum astrocytes was significantly lower (6.7 nmol/mg protein/min) than those for cerebral cortex and hippocampus astrocytes (13.0 and 12.0 nmol/mg protein/min, respectively). In three regions, more than 90% of the cultured cells showed glial fibrillary acidic protein (GFAP) immunoreactivity. Immunoreactivity of GLT, one of the markers of glutamate transporters, which is expressed at low levels in cultured astrocytes, did not show any differences in three regions. However, immunoreactivities of GLAST, the other astroglial glutamate transporter, and aquaporin4 (APQ4), a water transporter, were significantly higher in cerebral cortex and hippocampus than in cerebellum. These results may explain the regional difference of glutamate-induced astrocytic swelling.